INTRODUCTION
In the present report the required pumping speed, a possible beam current conditioning scenario, and the beam-gas scattering lifetime are discussed for Stage 1 and Stage 2 VLHC. A self-consistent calculation is performed assuming that the beam lifetime depends on the beam tube vacuum gas pressure and on the pp collision rate at two interaction points (IPS). The vacuum tube pressure, and therefore the beam-gas scattering lifetime, is a function of the beam intensity. The parameters necessary for evaluating the beam tube vacuum in the two VLHC stages are shown in Tables 1. In Table 1 , z,,represents the proton lifetime determined by pp collisions at two IPS at the design luminosity, with the p-p total cross section assumed to be 0,=137 mb at 40 TeVc.m. and 0,,=178 mb at 175 TeVcm.
VACUUM SYSTEM FOR THE STAGE 1 VLHC
In the low field Stage 1 VLHC, we will consider a distributed NEG strip plus lumped ion or cry0 pump system for pumping methane, in a pumping antechamber connected to the beam tube with long slots.
We assume lumped ion pumps, with pumping speed S=30 Ws, are connected to the pumping antechamber at an axial interval of L=22.5meters. The effective cylindrical diameter of the antechamber is 8.3cm. The pumping speed of the lumped ion pumps will be conductance limited by the beam tube and the antechamber, and the effective We will define the beam-gas scattering lifetime to be negligible when 2,>5 T, , with T, = zPJ2 = 46.5 hrs. Once T~ = 5 T , =232 hrs is fixed, we estimate the average beam tube gas pressure for each gas species taken separately, with the results given in the second column of Table 2 . From Table 2 , we can see that the CO scattering equivalent tube pressure should be less than 0.33 nTorr to reach T~ >5 7,. We estimate the beam tube pressure that would result in a scattered beam power of 0.1 W/m, results for each gas species are given in the third column of Table 2 , where we can see that the pressure limiting factor is given by beamgas scattering particle loss rather than the power loss.
Photodesorption in Stage 1
The inverse power dependence of the photodesorption yield on the photon dose implies the so called conditioning effect, or the decreasing photodesorption yield due to the removal of gas molecules from the near surface oxide layer with continued exposure to photons. The photodesorption coefficients are key parameters for the 0-7803-7 I9 1 -7/01/$10.00 0 2 0 0 1 IEEE.
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beam tube vacuum in a storage ring. For the calculations in this paper the data given in Ref [3] , obtained for in situ baked A1 at a critical photon energy of 86eV, are used.
As a result, the required pumping speed decreases in time as a function of the integrated beam current. This can have implications for the frequency of NEG regeneration. We will estimate the CO equivalent pumping speed necessary to achieve the vacuum pressure indicated in Table 2 , within a reasonably short conditioning time.
We may define as "reasonably short" equivalent to a few tenths of a year of operation, e.g. 0.3, when the machine is running at design beam intensity. An operational year is typically taken to be -lO'sec.
From this, we estimate the CO equivalent pumping speed needed to reach zg=52, by I*t=158 A-hrs.
A pumping speed S=32 Vs-m is required to reach a beam-gas scattering lifetime of 2,=52, after an integrated beam current I*t=158 A-hrs for the Stage 2 VLHC.
Conditioning Scenario for Stage 1
The conditioning effect will improve the beam lifetime which is itself then a function of the integrated beam current. We present here a possible conditioning scenario, for Stage 1 VLHC, where we increase the initially injected beam current from 50 mA up to 190 mA (nominal), in four steps. Our procedure is to inject the beam, firstly with increased current, then with current at nominal value, whenever the luminosity lifetime reaches ~,=46.5 hrs, corresponding to the design parameter value.
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. , . , . , . ) , . , . The beam lifetime 2, is related to the vacuum pressure and to the pp collision rate at the interaction point, and is defined as l/~,=l/~,,+l/.c,. In Fig. 2 the beam lifetime is shown as a function of time, for our conditioning scenario. The luminosity lifetime is then given by 2,=2,/2.
The total beam tube vacuum gas pressure decreases as the surface is progressively cleaned, and is shown in Fig.  3 as the CO scattering equivalent pressure. We can see from Fig. 3 that CH, is the gas having the largest CO scattering equivalent pressure. 
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From Table 3 , we can see that the CO scattering equivalent tube pressure should be less than 5 nTorr to reach 2, >5 2 , . The beam tube pressure that would result in a scattered beam power of 0.1 W/m, corresponding to a typical limit for the global capacity of a cryogenic refrigeration plant, is given in the third column of Table 3 , where we can see that the pressure bounds of beam-gas scattering particle loss are slightly less than of power loss.
Nevertheless, the beam scattered power may be a concern for Stage 2, and the heat load of 0.1 W/m will be the limit considered in the present evaluation. We estimate the CO equivalent pumping speed needed to reach z, =52, 
Conditioning Scenario for Stage 2
Our procedure is to inject the beam with increasing current from 30 mA up to 58 mA (nominal), to avoid a beam scattered power deposition on the magnets cold bore larger than 0.1 W/m. In the calculations for Stage 2, the photodesorption data given in Ref [6] , obtained for baked OFHC copper at a critical photon energy of 3 keV, are used. The possible beam current program for our conditioning scenario, and the related beam-gas scattered power are plotted in Fig. 4 and Fig. 5 respectively.
In Fig. 6 the beam-gas scattering lifetime, the protonproton lifetime and the beam lifetime are shown as a function of time during the conditioning.
The total beam tube vacuum gas pressure decreases as the surface is progressively cleaned, and is shown in Fig.  7 as the CO equivalent pressure, with the equivalent CO scattering pressure of each gas species. 
